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Abstract

What if we were to have a robot we could play
with? What if we could through play and daily
interactions, as we do with our children, be a
model for it and teach it (what?) to be human-
like? There is an important market for “intelli-
gent” toys and there is still room for innovation.
I advocate the use of natural human-like interac-
tion, such as imitation, speech and gestures, for
developing likable, pet-like toys. As an example, |
present two prototypes of doll-shaped robots, the
Robota dolls, which can engage in complex inter-
action with humans, involving speech, vision and
movement imitation.

Introduction

The title of this paper is a wink to the Swiss psycholo-
gist, Jean Piaget. In his book “Play, Dreams and Imi-
tation in Childhood’ , Piaget stressed the importance of
play behavior and in particular of imitative games as
a key developmental stage in children. Imitation is a
powerful means of teaching as well as of learning. One
can learn from good and bad examples. By observ-
ing someone else’s behavior, one can learn new skills or
learn to avoid doing similar mistakes. It is a learning
mechanism more efficient and less costly than trial and
error.

Roboticists would benefit from the possibility of im-
plementing a control mechanism allowing the robot to
learn new skills (which would otherwise require complex
programming) by the sole ability of observing another
agent’s performance. Imitation can be the direct means
of learning the skill, as in the case of learning new motor
skills (see, for instance, (Dautenhahn 1995), (Demiris
& Hayes 1996), (Gaussier et al. 1998), (Cooke et al.
1997), (Kuniyoshi & Inoue 1994), (Schaal 1999)). Tt
can also be an indirect means of teaching. For instance,
the robot’s ability to imitate the teacher can be used to
lead the robot to make specific perceptual experiences
upon which the robot grounds its understanding of a
proto-language (Billard 1999b; Billard & Hayes 1999;
1998).

Entertainment robotics aims to create playful au-
tonomous creatures. For psychologists (starting with

Piaget), children’s games are as much an educational
tool as an entertainment device. An interesting toy is
often a toy which offers a challenge, where, by play-
ing with the toy, one discovers many means of using it.
This can be true of the simplest toy, such as a wooden
stick (which can be used as a litt, a drill, a bridge or
a limb as part of a stick figure). A boring toy is a
toy whose use is limited and immediately understood.
Thus, an interesting robotic toy should show several
means of interaction with the child. These should in-
clude responding to touch and handling, gestures, vocal
expression and, if possible, speech.

Imitation is an interesting game, as it offers a wide
variety of interaction. One can imitate gestures, pos-
tures, facial expressions, behaviors, where each of the
above relates to a different social context. My earlier
mentioning of Piaget’s work meant to recall that imita-
tion is also an important means of teaching and as such
might offer important possibilities for toys.

What if we were to have a robot we could play with?
What if we could through play and daily interactions,
as we do with our children, be a model for it and teach
it (what?) to be human-like?

Making one’s toy more personal is the wish of most
children. Tools of artificial intelligence which provide
adaptive and learning abilities or allow to simulate de-
velopment are very suitable for this purpose. Proof is
the large success encountered by the video game Crea-
tures, the Japanese electronic devices Tamagoch: and
toy robots, such as the LEGO Mindstorms, the Furbys
and the Sony pet robot.

There is an important market for “intelligent” toys
and there is still room for innovation. T advocate the
use of natural human-like interaction, such as imita-
tion, speech and gestures, for developing likable, pet-
like toys. As an example, I present two prototypes of
doll-shaped robots, the Robota dolls, which can engage
in complex interaction with humans, involving speech,
vision and motor imitation.

I wish to mention that the first Robota was de-
signed for academic research purpose, namely to in-
vestigate the use of connectionist controllers for ex-
periment on robot learning by imitation. Experiments
were carried out in which the robot could be taught



a proto-language to describe its interaction with the
teacher, such as that of motion and of perception of
touch on different parts of its body. The robot has
the ability to imitate the arm and head movements
of the human. By so doing, it can be taught sen-
tences to describe its actions. Further, it can learn
combinations of movements, simple dance patterns.
This work has been reported elsewhere (Billard 1999b;
1999a). In this paper, T present recent hardware and
software developments, namely the development of the
second prototype of Robota, which makes the robot a
possible toy. Figure 1 shows a picture of the two robots,
the first prototype on the left and the second on the
right.

Figure 1: The two Robota dolls. The first prototype is on the left
and the second prototype on the right.

The rest of this paper is organized as follows. The
first section describes the two robots’ mechanics and
controller. The second part briefly summarize experi-
ments I carried out with them. I conclude the paper
with a brief outlook of what T wish the future of the
Robota dolls to be. In the remainder of the paper, I
will use the term Robota for describing both the first
and second prototypes I developed. T coined the term
to describe the concept of an interactive learning doll
robot, independently of a particular mechanical imple-
mentation of it.

The doll robots
Robota I

The first prototype of Robota is made out of LEGO
parts for the body and of plastic components of a com-
mercial doll for the arms and the head (see figure 2).
Inserted in the body are three LEGO motors to drive
the arms and the head. The robot is provided with
five touch sensors (electrical switches), placed under the
feet, inside the hands and the mouth, a tilt sensor which
measures the vertical inclination of the body (it distin-
guishes between horizontal and vertical positions) and

Figure 2: The first prototype of Robota is made out of LEGO parts
for the body and of plastic components of a commercial doll for the

arms and the head.

four infra-red (TR) detectors. Each infra-red detector
consists of an emitter and a receptor. Two of the TR
receptors are placed on the robot’s chest and measure
the signals of the corresponding IR emitters which the
demonstrator holds, one in each hand. The imitative
behavior of the doll is enabled through the infra-red set-
up. The signal of each sensor is used to control each of
the robot arms. That is, when the demonstrator moves
his/her left arm in front of the robot, the right detec-
tor on the robot is activated, which triggers the robot’s
right arm waving movements, i.e. lifting the arm up
and then down with a fixed time interval between the
two movements. The two other IR emitters are placed
on the robot’s ears, while the two corresponding IR re-
ceptors are mounted onto a pair of glasses which the
demonstrator wears. Phototaxis performed on the two
IR signals is used to direct the robot’s head. That is,
when the demonstrator looks, e.g. to the left, the left
detector on the glasses receives full activation while the
right one receives none, which triggers the robot’s head
movement to the left, i.e. the robot turns the head to
the left (and vice-versa for the right). After a fixed
time delay (about half a second), the robot moves the
head back to facing the demonstrator. As a result, the



robot appears to mirror the demonstrator’s arm and
head movements.

The robot is provided with a simple communication
system, which consists of a keyboard and a loudspeaker
(which is a commercial pocket recorder with 20 sec-
onds recording time). The pocket recorder is used by
the demonstrator to record sounds, spoken words or
sentences (a sound slot lasts for 2 seconds), which cor-
respond to the conceptual meaning the demonstrator
attaches to each key of the keyboard. The demonstra-
tor communicates with the robot by pressing the keys
on the keyboard, each key representing a different word;
the robot answers the demonstrator by reading back the
sound slots of the corresponding words of the keyboard.

The robot controller is made of a micro-controller
with 512k byte EPROM space and 128k byte Static
RAM. The CPU (central Processing Unit) is a Phillips
93C100 series 68000 compatible running at 30 MHz. All
electrical circuits is external to the robot. Sensors and
motors are connected via external wires.

Robota I1

The second prototype, Robota II, has the same abilities
for imitation and communication as that of the first
prototype, but each module is much more sophisticated.
Here is a list of the enhancements brought to the second
prototype.

e In addition to moving the arms and the head, the
second Robota can walk forwards and backwards by
making small saccadic stepping.

e The body of the robot is that of a commercial doll.
The mechanics for driving the motors is entirely con-
tained in the body.

e The microcontroller and electronic















